FFAG_mu-Kicker.nb 1

MUC-NOTE-
ACCELERATION-292

Kicker Magnets for an FFAG Ring for
Muons

Eberhard Kell
CERN, Geneva, Switzerland

Inf[1]:= CearAl; Date[]

Qut[1]= {2004, 5, 5, 0, 2, 2}

m Introduction

In this Mathematica notebook, | apply the packages and principles described in my report "Muon Storage Ring Design
with Simple Mathematica Packages', CERN-SL/99-053 (AP) to the design of kicker magnets for extraction from an
FFAG ring for acclerating muons. For the pulsed kicker, | use formulae of R.B.Palmer, which he presented during the
FFAG Workshop at TRIUMF, Vancouver, BC, Canada, 15 to 21 April 2004. For the delay line kicker, | use formulae
from the Handbook of Accelerator Physics and Engineering, p. 460-466. This notebook is available at
http://keil.home.cern.ch/keil/Math/FFAG_mu-Kicker.nb.

In the section labelled "Natural Constants' | provide several natural constants with their standard names. In the section
"User Input”, | define the variable input parameters of the kicker magnet. For the study of parameters of another kicker
magnet it suffices to change the valuesin this section.

m Natural Constants

The constants.m package contains the values and standard names for the physical constants c, e, €g, ug, Zg. It knows the
rest voltages E., E, and Ep, the classica radii re, r, and , and the Compton wavelengths A¢, A, and A, for electrons,
muons and protons, respectively. The Compton wavelengths A, and A, are defined in analogy to that for electrons.

In[2]:= Of [General::"spell"]; Of [General::"spelll"];

In[3]:= AppendTo[$Path, "D:\\Data_Files\\math"7;

In[4]:= <<constants. m
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m User Input

First, | define the particle by giving itsrest voltage Eq the value of muons. This command triggers the current definitions
of classical radiusr, and Compton wavelength A.

In[5]:

iy

E,;

In[6]:= rc:=1rp/, BEp==Ey, Aci= 2/, BEo==Ey, rc:=1r1, /, E==E,;
A=A/ BEo==E, rei=re /; BEp==Ee; Xci=2e /; Ep==E;

| then define the beam parameters ejection momentum &Pc, normalized emittance exn,, number of rms beam radii sigN
that the physical aperture of the kicker magnet should provide, and the amplitude function at the kicker magnet in the
plane of the kick betaT. | adjusted the value of betaT such that the kick angle kickA agrees with that given by R.B.
Palmer for the extraction kicker in his 10 to 20 GeV ring.

In[7]:= ejPc = 2010° Vol t; exn = (10/3) 102 Meter; sigN=3; betaT=2. Meter;

The next batch of input data contains the input parameters of the kicker magnet, length kickL, full horizontal aperture
apertX, full vertical aperture apertY, and kicker rise time riseT. | assume that the kicker deflects horizontally. For a
vertical kicker it sufficesto interchange apertX and apertY.

In[8]:= kickL=1.5Mter; apertX=0.195Meter; apertY=0.076 Meter; riseT =1270. 10-° Second;

| assume that a full-aperture delay line gjection kicker deflects horizontally. | enter the maximum kicker voltage max-
KickVolt, the kicker impedance kickzZ, and make the kicker fall time equal to the kicker risetimeriseT.

In[9]:= maxKickVolt =9. 10* Vol t; kickZ =0.75 Vol t / Anper e;

m Kicker Parameters

The hopefully self-explanatory table below shows the meaning, the name and the value of the kicker parameters that can
be computed directly from the input parameters, marked with an asterisk in all tables. | first compute the relativistic
parameters 8 and y. Then | calculate kick angle kickA, assuming the optimum arrangement of kicker and septum at /2
phase shift and a septum of zero thickness, kicker field kickB, kicker current kickl, kicker voltage kickV, kicker stored
energy kickW.

In[10] : = 7:\/(ej Pc/Ey)? + 1

Qut[10]= 189.292

In[11]:= B= V1 - 1/¥?
Qut[11] = 0. 999986
. . €xn
In[12]:= kickA=2sigN,| —————
By betaT

Qut[12]= 0.0178038
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) ej Pc ki ckA
In[13]:= KickB=z — 8 ——
c ki ckL
Qut[13] = 0.791828 Secg)nd Vol t
Met er

ki ckBapertY
Mo

In[14]:= kickl =

Qut[14]= 47888. 8 Anper e

ki ckBapert Xki ckL

In[15]:= kickV = -
riseT

Qut[15]= 182370. Vol t

ki ckB? ki ckL apert XapertY
2 yo

In[16]:= ki ckW=

Qut[16] = 5545. 76 Anper e Second Vol t

m Injection Kicker Parameters

The kickPack.m package gets the maximum kicker voltage maxKickVolt, the kicker impedance kickZ, the rise time
riseT, full horizontal and vertical apertures apertX and apertY, and deflection angle kickA. It computes the integrated
kicker field kickTm, makes the number of kicker modules kickModules an integer, chosen such that the kicker voltage
kickVolt is smaler than the maximum value given, and computes the length of a module kickL ength and the kicker field
kickB, and puts all resultsinto atable. Since kickpack.m expects to find the momentum with the name collPc, | make it

equal to gPc.

In[17]:= << ki ckPack. m

In[18]:= col | Pc = ej Pc;

In[19]:= ki ckTabl e[maxKi ckVol t, kickZ, riseT, apertX, apertY, ki ckA]

Qut [ 19]// Tabl eFor n¥

«Maxi murr ki cker vol tage 90000. Vol t

«Ki cker characteristic inpedance %

«Ki cker rise tinme 1.27x107% Second
*W dth of kicker aperture 0. 195 Meter
«Hei ght of kicker aperture 0.076 Met er
«Defl ection angl e 0.0178038

I ntegrated kicker field kickTm 1.18774 Second Vol t
Lengt h of ki cker nodul e ki ckLength 0. 295416 Met er
Nurmber of ki cker nodul es ki ckModul es 5

Ki cker vol tage ki ckVolt 72947.9 Vol t

Ki cker magnetic field kickB 0. 804114 Second Vo ¢

| noticed that the length of a kicker module is proportional to the impedance kickZ, and adjusted kickZ such that the
length of the delay line kicker is practically the same as that of the pulsed magnet. By increasing maxKickVolt, | found
that the number of modules decreases.| adjusted both to get a kick that has about the same length as the pulsed magnet.
The actual kicker voltage kickVolt is only 20% higher than the usual figure. The impedance is 0.75 Q instead of the
usual 5 Q. Here comes the stored energy in al delay line kicker modules kickU.
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ki ckB? ki ckLengt h apert Xapert Yki ckMbdul es
2 1o

In[20]:= kickU-=
Qut[20] = 5631. 81 Anper e Second Vol t

The kicker field and the stored energy is the same as in the pulsed magnet, as they should be. The delay line kicker has
twice the voltage of the pulsed one, divided by the number of modules.



